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Antenna and Communication System Using the Same 

Field of the Invention 

The present invention relates to an antenna and a communication 
5 system using the antenna. 

Background of the Invention 

Vehicles recently includes a communication system used for locking 
and unlocking a door of the vehicle through a remote controlling operation 

10 through an antenna mounted to the vehicle. 

A conventional antenna for the above purpose will be explained. 
Fig. 6 is a perspective view of the conventional antenna 100. A core 1 
having a rectangular column shape is made of magnetic material of Ni ferrite 
and a coil 2 of metal wire, such as copper wire, coated with heat-resistant 

15 resin and is wound a specific number of times on a predetermined region of 
the outer surface of the core 2. A screw 3 made of Ni ferrite magnetic 
material is inserted into a screw hole provided at an outside of the coil 2 on 
the core 1 as to move forward and backward by rotation of the screw. A 
wiring board 4 has patterns of wiring (not shown) provided on both, upper 

20 and lower, surfaces thereof. The wiring board 4 is mounted to the bottom of 
a recess 5A provided in case 5 made of heat-resistive resin. The wiring 
patterns are soldered to both ends of the coil 2. Electronic components 6, 
such as a capacitor 6A and a resistor 6B, are mounted on the wiring board 4 
and electrically connected to the coil 2 by the wiring patterns, thus prodding 

25 a series-resonant circuit. 

The conventional antenna 100 having the foregoing arrangement may 
however has a resonant frequency varying since a capacitance of the 
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capacitor 6A, a resistance of the resistor 6B, and an inductance of the coil 2 
may vary. 

When a coil moves close to magnetic material, a magnetic flux profile 
generally varies, thus changing the inductance accordingly. 
5 According to the above principle, the screw 3 of magnetic material 

moving towards and from the coil 2 for changing the inductance of the coil 2, 
thus adjusting the resonant frequency of the antenna 100 to a desired 
frequency. 

The series resonant circuit including the antenna 100 is electrically 
10 connected through the wiring patterns to an electronic circuit (not shown) of 

an internal communication device mounted to a door or a mirror of the 

vehicle, hence providing a communication system. 

When a driver of the vehicle carrying a mobile card as an external 

communication device moves close to the vehicle or transmits radio waves 
15 from a mobile telephone as the external communication device, the antenna 

100 receives a signal corresponding to the above operations. An 

identification code of the external communication device is then examined by 

the electronic circuit of the internal communication device for locking and 

unlocking the door. 

20 An antenna having an adjustable resonant frequency is disclosed in 

Japanese Patent Laid-Open Publication No. 10-341105. 

Summary of the Invention 

An antenna includes a first core made of magnetic material, a coil 
25 including a conductive wire wound around a predetermined region of the 
first core, and a second core made of magnetic material. The second coil is 
operable to move at an inside of the coil. 
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The antenna has a resonant frequency adjustable in a wide rage. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of an antenna of an exemplary embodiment 
5 of the present invention. 

Fig. 2 is a circuitry diagram of the antenna of the embodiment. 

Fig. 3 is a perspective view of another antenna of the embodiment. 

Fig. 4 is a perspective view of a core of a further antenna of the 
embodiment. 

10 Fig. 5 is a schematic view of a communication system including the 

antenna of the embodiment. 

Fig. 6 is a perspective view of a conventional antenna. 

Detail Description of the Preferred Embodiment 

15 A conventional antenna 100 shown in Fig. 6 has the following 

disadvantages. As explained, a coil has a magnetic flux change when 
approaching to magnetic material. An inductance of the coil changes 
according to a change of a density of the magnetic flux. An amount of the 
change of the inductance increases when the magnetic material approaches 

20 to a region where the density of the magnetic flux is high. The density of 
the magnetic flux at an inside of the coil is higher than that at the outside of 
the coil. In the antenna 100, a screw 4 moves at the outside of the coil 2, 
that is, at a region where the density of the magnetic flux is low to adjust a 
resonant frequency. Therefore, the inductance of the coil 2 can be changed a 

25 little, hence allowing the resonant frequency to be adjusted within a small 
range or not to be adjusted. 

Fig. 1 is a perspective view of an antenna 50 according to an exemplary 
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embodiment of the present invention. A core 11 having a polygonal column 
shape is made of magnetic material, such as Ni ferrite, having a magnetic 
permeability of about 1600. The core 11 has a recess 12 provided therein in 
a longitudinal direction of the core 11 substantially at a center of an upper 
5 surface of the core 11. A coil 13 is made of a conductive, metal wire, such as 
copper wire, coated with heat-resistant resin, such as polyimide. The metal 
wire is wound from one end 13A to the other end 13B over the surfaces of the 
core 11. In the coil 13, the wire is wound at the end 13B by an interval 
narrower than that at the other region, i.e., the wire is wound at the end 13B 

10 in the number of turns greater than that at the other region. A auxiliary 
core 14 having a polygonal shape is made of magnetic material, such as Mn 
ferrite, having a magnetic permeability of about 4000. The auxiliary core 
14 is inserted at the recess 12 of the core 11 from the end 13B where the coil 
13 is wound at the narrower interval, and is coated with a sealer made of 

15 material, such as silicone, for fixing the core 14 in an inside of the coil 13. 

Conductive strips 15 to 18 having sheet shapes made of material, such 
as copper alloy, are provided and embedded by insert molding in a case 19 
made of heat-resistant resin, such as liquid crystal polymer or poly butylene 
terephthalate. The conductive strip 15 has an end 115A connected to the 

20 coil 13 by high-temperature soldering or swage locking. The conductive 
strip 15 has an electrode 15A provided at the other end of the strip 15. The 
electrode 15A is exposed at a bottom of a recess 19A provided in the case 19. 
A resistor 6B has an end 106B connected on the electrode 16A with, e.g. 
solder paste. The conductive strip 16 has an electrode 16A provided at an 

25 end of the strip 16, and the electrode 16A is exposed at the bottom of the 
recess 9A. The other end 107B of the resistor 6B is connected on the 
electrode 16A. The conductive strip 16 has a connector 16B provided at the 
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other end of the strip 16 and projecting into a tubular region 19B of the case 
19. The conductive strip 17 has an end 117A connected to the other end of 
the coil 13. A capacitor 6A has an end 106A connected to the electrode 17A 
of the conductive strip 17. The conductive strip 18 has an electrode 18A 
provided at an end of the strip 18. The electrode 18A is connected to the 
other end 107Aof the capacitor 6A. The conductive strip 18 has a connector 
18B provided at the other end of the strip 18 and projecting into the tubular 
region 19B of the case 19. The conductive strips 15 to 18 may have their 
surfaces plated with, e.g., tin for easy connection to the electronic 
components 6 including the capacitor 6A and the resistor 6B. 

Fig. 2 is a circuit diagram of the antenna 50 of the embodiment. The 
coil 13 has the end connected to the resistor 6B via the conductive strip 15 
and has the other end connected to the capacitor 6A via the conductive strip 
17, hence providing a series resonant circuit. The antenna 50 having the 
foregoing arrangement may has a resonant frequency vary since a 
capacitance of the capacitor 6A, a resistance of the resistor 6B, and an 
inductance of the coil 13 may change. 

A coil approaches to magnetic material, and generally, a density of a 
magnetic flux passing through the coil accordingly varies, thus allowing the 
coil to have an inductance changes. The change of the inductance increases 
when the magnetic material approaches to a region where the density of the 
magnetic flux is high. The density of the magnetic flux at an inside of the 
coil is higher than that at the outside of the coil. In the inside of the coil, 
the density of the magnetic flux at a region where a wire is wound at a small 
interval is higher than the density at a region where the wire is would at a 
large interval. 

As based on the above principle, the resonant frequency of the antenna 
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50 can be adjusted to be a desired frequency by moving the auxiliary core 14 
made of magnetic material in the recess 12 of the coil 13. 

Since the auxiliary core 14 moves within the inside of the coil, that is, 
the region where the density of the magnetic flux density is high, the core 14 
allows the inductance of the coil 13 to change more than that of the coil 2 of 
the conventional antenna 100 shown in Fig. 6. 

The auxiliary core 14 moves from the end 13B of the coil 13 where the 
coil 13 is wound at a smaller interval. This causes the inductance of the coil 
13 to change faster and greater than the case that the auxiliary core 14 
moves from the end 13A where the coil 13 is wound at an equal interval. 
Accordingly, the antenna 50 of the embodiment has a resonant frequency 
adjustable within a wide range for a short time. 

Fig. 3 is a perspective view of another antenna 150 of the embodiment. 
As shown in Fig. 3, the antenna 150 includes a core 111 which does not have 
a recess formed therein instead of the core 11 having the recess 12 shown in 
Fig. 1. The coil 13 is fixed on a side of the core 111 with an adhesive 112. 
The auxiliary core 14 moves on an upper surface lllA. 

Fig. 4 is a perspective view of a core of a further antenna of the 
embodiment. The coil 13 is fixed on a side of the core 111 shown in Fig. 3 
with an adhesive 112. As shown in Fig. 4, a core 211 may have recesses 
211A formed therein to fix the coil 13 in the recesses 211A. The auxiliary 
core 14 moves on an upper surface 211B of the core 211. 

However, the core 11 having the recess 12 shown in Fig. 1 does not 
require the adhesive 112 shown in Fig. 3 or the recesses 211A shown in Fig. 4, 
hence having the coil 13 fixed around the core 11 easily. 

Fig. 5 is a schematic view of a communication system employing the 
antenna 50. The case 19 of the antenna 50 is mounted to a door 504 or a 
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mirror of a vehicle 500. The connectors 16B and 18B extending from the 
tubular region 19B of the case 19 are electrically connected to an electronic 
circuit 502 of an internal communication device 501 in the vehicle 500. 

When a driver of the vehicle 500 carrying a mobile card as an external 
5 communication device 503 approaches to the vehicle 500, a signal 505 
transmitted from the external communication device 503 is received by the 
antenna 50. Then, the electronic circuit 502 compares an identification 
code of the external communication device 503 with an identification code of 
the internal communication device 501, and unlocks the door 504. The 
10 communication system includes mainly of the antenna 50, the internal 
communication device 501, and the external communication device 503. 

According to the embodiment, the auxiliary core 14 is made of magnetic 
material of Mn ferrite. The magnetic material of Mn ferrite has a magnetic 
permeability larger than that of magnetic material of Ni ferrite, hence 
15 affecting a magnetic field more. Accordingly, the auxiliary core 14 can 
change the inductance of the coil 13 more, thus enabling the resonant 
frequency to be adjusted in a wide range. However, the auxiliary core 14 
may be made of Ni ferrite similarly to the core 11. 

According to the embodiment, the auxiliary core 14 moves along the 
20 recess 12 provided in the upper surface of the core 11. The core 14 may 
move along a bore having a polygonal column shape provided substantially 
in the center of the core 11, providing the same effect. 

The coil 13 is wound along the end 13B at a interval smaller than that 
at the other region. Alternatively, the coil 13 may have a region^where a 
25 metal wire overlaps one over another at the end 13B while the coil 13 is 
wound at the end 13B at an interval equal to that at the other region. 

According to the embodiment, the core 11 and the auxiliary core 14 are 
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made of ferrite magnetic materials, but may be made of rare earth metals, 
such as neodymium and samarium, having high magnetism. 

The core 11 and the auxiliary core 14 may be made of plastic magnet, 
i.e., mixture of plastic material and powder of ferrite magnetic material. 



